Fig. 1.
Histological observations on the back skin of C57BL/6 mice exposed to the femtosecond-Terahertz (fs-THz) beam for 1 hour (H&E; ×200 and ×400). Skin samples were biopsied at 1 and 24 hours after exposure. 4 . In the near future, people will be exposed to more and more THz radiation, and the exposure effects on skin will be a major concern because THz radiation is mostly absorbed by the skin due to its low penetrance of liquid water. A few studies have reported the effects of the millimeter waves on keratinocytes in vitro [5] [6] [7] ; however, we do not know of any studies that have used in vivo models to examine the biological changes in the skin caused by THz radiation. In this current study, the femtosecond (fs)-THz beamline at the Pohang Accelerator Laboratory was used as the THz light source 8 . The optical pulses were produced in a 3.2 W Ti:sapphire regenerative laser amplifier with a center wavelength of 800 nm and a pulse width of approximately 180 fs, which was delivered to a 10×10 mm <110> ZnTe crystal to generate fs-THz pulses via optical rectification. The fs-THz pulse has frequency up to 3 THz (wavelength, approximation 0.01 cm) and the pulse width of ＜200 fs with a repetition rate of 1 KHz. Before exposure, the THz pulse energy, measured with a Golay cell (Microtech Instruments Inc., Eugene, OR, USA) and a lock-in amplifier (SR830; Stanford Research Systems Inc., Sunnyvale, CA, USA), was approximately 0.26 nJ/pulse. To minimize the absorption by water vapor, a region of the THz beam path was enclosed and purged with dry air. A THz low-pass filter was used to remove the extra visible source during the process. We exposed the back skin of 8-week-old male C57BL/6 mice to the fs-THz beam and examined the histological and molecular biological changes. Briefly, the hair on the back of the mice was clipped and they were positioned in the customized acryl restrainer manufactured for this experiment. After taking a precise position with the visible beam in targeting the spot, the back, the skin (size, 1×1 cm 2 ) was exposed to the fs-THz beam for 1 hour. Accumulated energy in the targeted area for 1 hour was calculated as approximately 1.15 J/cm 2 . Skin biopsy samples were taken at 1 and 24 hours after exposure. Mice in the sham group were treated in the same manner except for the fs-THz beam exposure. Skin samples were stained with hematoxylin and eosin for histological assessment. We found that fs-THz irradiation did not induce any obvious histological changes in either 1 or 24 hours (Fig. 1) . In addition, neither inflammatory cells nor damaged skin cells, such as sunburn cells, were observed. The collagen fibers in the dermis also seemed to be normal. However, the quantitative real-time polymerase chain reaction analysis for the genes screened through microarray analysis reveals that some genes in the fs-THz-irradiated mice were either biologically activated or suppressed. For instance, the gene transcription of substance P (SP), a neuropeptide that is released from the C and Aδ fibers and is involved in local inflammation, including dermatoses, decreased significantly at 24 hours after exposure ( Fig. 2A) . On the contrary, the transcription of calcitonin gene-related peptide, another neuropeptide that is also associated with neurogenic inflammation in eczema, increased significantly in fs-THz-irradiated mice (Fig. 2B) . We cannot provide a suitable explanation for this discrepancy because the biological effects of THz radiation are not yet fully understood. Moreover, the transcription of the transient receptor potential vanilloid (TRPV) 1 and 4, which are kinds of ion channels, seemed to decrease at 24 hours after exposure, but the changes were not significant due to the small sample size (Fig. 2C,  D) . Further, we performed the same experiment on BALB/c nude mice, in which they were exposed to the fs-THz beam for 1 hour, and biopsy samples were taken at 12 and 36 hours after exposure. We observed that the transcription of the TRPV1 gene decreased significantly at 36 hours after exposure (Fig. 2E) . Interestingly, TRPV1 has been reported to be able to release SP 9 ; therefore, it could be hypothesized that fs-THz pulses exert their biological effects primarily through the modulation of ion channels. However, further investigation is necessary to confirm this.
In conclusion, our data show that fs-THz pulses have biological effects at the molecular level, even though the mean energy of the radiation was quite low to induce any noticeable histological changes. This study has some limitations; THz radiation at different frequencies, power, and pulse durations were not studied, and it is difficult to presume the clinical meaning of this study. Moreover, we did not test higher energy of THz radiation because increasing the exposure time was difficult due to the limit of anesthesia. In spite of these limitations, this is the first study to demonstrate the molecular biological effects of THz radiation on the skin using an animal model to the best of our knowledge, and we hope that our results promote further investigations in the future. 
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